Behavioral Data Game, showed enhanced activity in reward-related arFollowing the scanning session, we assessed several eas such as striatum, rostral ACC, and OFC during mubehavioral measures. We report behavioral analyses tual cooperation. Striatum and rostral ACC were actibased on the pooled sample of the behavioral pilot and vated solely when playing with human but not computer the scanned sample (n ϭ 21). Statistical tests revealed partners (though the interaction was not explicitly tested). no significant differences between the behavioral patReward-related areas such as ventral striatum and OFC terns observed in these two samples. Results of a memas well as amygdala were identified in other fMRI studies ory task are reported for the scanned sample as the using Figure 1A . Prisoner's Dilemma game. In this game, one person Likeability Ratings ("first mover," who was always the scanned participant)
A repeated measures analysis of variance with the two has to decide whether to cooperate or to defect, and in within subject factors "social behavioral status" (coopa second step the other person (the "second mover" erators, neutral, defectors) and "task condition" (intenidentified by a facial photograph) decides whether to tional, nonintentional) revealed a significant main effect reciprocate the first movers' trust or to defect. Table 2 ). tors and neutral faces [F(1,10) ϭ 2.22; p ϭ .167]. This lack of difference is explained by a significant interaction To identify areas with greater responses to cooperator relative to neutral faces, we compared cooperator and reflecting differences for defectors and neutral faces in intentional compared to the nonintentional task condineutral faces, collapsed over task conditions. As shown in Figure 2 , significant predicted effects were evident in tion [F(1,10) ϭ 5.21; p ϭ 0.04]. Although memory for cooperator faces was better in the intentional compared left insula extending to OFC, left amygdala, and left putamen (for details, see Table 2 ). to nonintentional task condition [t(10) ϭ 2.63, p ϭ .02], the interaction for cooperator compared to neutral faces
The comparison between defector and neutral faces collapsed over task conditions revealed significant efdid not attain significance.
fects in ventro-medial prefrontal cortex (for details, see Table 2 ).
Neuroimaging Results

Effects of Social Behavioral Status
Social Effects: Intentional Compared to Nonintentional Task Condition The comparison between affective (cooperators and defectors) and neutral (null games) faces revealed signifiTo determine effects specific to the intentional compared to nonintentional task condition (e.g., due to comcant effects in ventromedial prefrontal cortex, left insula, Behavioral assessments after scanning confirmed the tional agents. Our findings of activation in amygdala, striatum including putamen and nucleus accumbens, saliency of perceived fairness of conspecifics as indicated by cooperative or defective behavior during social lateral orbitofrontal cortex, insula, fusiform gyrus, and STS in response to cooperator faces are highly consisinteractions. Compared to faces involved in null games (neutral behavioral status), faces of cooperators and tent with general models of social cognition (e.g., Adolphs 2003; Brothers, 1990). The findings extend these models defectors were rated as much more and much less likeable, respectively. Note that differential affective judgto processing of stimuli that acquire their social relevance through meaningful interactive social contexts. ments cannot be attributed to differences in facial features of the pictures given that all faces had neutral The identified regions were engaged automatically by the mere presence of socially salient faces since subfacial expressions and were randomly distributed over subjects. Acquired saliency of cooperators and defecjects were not explicitly asked to make social judgments about the fairness of the persons depicted. These findtors was further corroborated in free recall performances showing that memory for cooperators and defectors ings are in agreement with previous fMRI studies dem-as bilateral OFC based on the perception of intentional status and task condition in amygdala was found. Further replication will be necessary before strong conclusions about specific involvement of amygdala in social onstrating automatic, task-independent affective rejudgment can be drawn. ). The observation were not able to morally assess the actions of the players of bilateral activation in face-responsive regions of the in the nonintentional task condition. Our behavioral analfusiform gyrus to socially relevant faces (intentional veryses revealed that these tasks were perceived as differsus nonintentional cooperators) is in line with such an ent by our subjects. They reported that they were more interpretation. Note that bilateral fusiform gyrus activaemotionally involved and more angry about defectors tion was also observable at a p Ͻ 0.05 uncorrected level in the intentional compared to the nonintentional task when testing specific social effects by computing the condition (see Figure 1A) regions of interest in response to faces of defectors. In addition to fusiform activation, we observed activaThe only exception was activation in medial OFC when tion in the right posterior STS specific to implicit social comparing defector and neutral faces. However, we judgments of cooperator faces introduced as free intencannot conclude that detecting cheaters is less salient tional agents. It has been suggested that STS has a than recognizing friends. Theoretical accounts, and inrole in processing dynamic aspects of faces (e.g., facial deed our behavioral findings, would contradict such a expressions, eye gaze) and the whole body as well as conclusion. Indeed, subjects rated defectors as signifiin the detection of intentions (for reviews, see In conclusion, behavioral and functional brain data the present study, however, we observed greater right indicate saliency of perceived fairness for human interposterior STS activity during gender judgments associactions and point to an inherently rewarding value for ated with intentional compared to nonintentional agents. mutual cooperation in human societies. Furthermore, We suggest that our subjects did indeed attribute more our functional imaging data give support for neural cirintentionality to the players as indicated by the results cuitry proposed in recent models of social cognition from the debriefing questionnaire (Table 1) were free to decide after they have seen the face and the investment decision of the scanned subjects (intentional task condition). In the A further three subjects were excluded because they showed more than 12 no-trust decisions in either or both task conditions and other they would be connected to a platform where players were forced to follow a given response sequence determined by a comhad by consequence fewer opportunities to learn the emotional properties of the relevant faces during the social learning phase puter based on observed population distributions (nonintentional task condition). The order of task condition was counterbalanced (see below). Finally, one subject was excluded because of technical problems during data acquisition.
Discussion
We investigated whether brain circuitry identified as relpliance or violation of social rules), we examined effects as a function of task condition (intentional versus noninevant for social judgments of facial expression, attractiveness, trustworthiness, or racial identity (Aharon et tentional task condition). No significant differences be-
between subjects and faces were distributed randomly over subjects. The latter controlled for possible differences in facial features In a behavioral pilot study, an additional 10 subjects (2 men, 8 women, mean age ϭ 26.8 years; SD ϭ 9.37; age range ϭ 20-52 of the face images such as attractiveness, facial expression, or trustworthiness. years) were tested on the behavioral tasks only. From the 15 original participants, two subjects had to be excluded because of more than
The retrieval phase involved subjects being scanned while presenting seven repetitions of each of the 22 faces (5 cooperators, 3 12 nontrusting decisions, one subject due to technical problems, and two subjects because of a lack of belief in the experimental defectors, 3 neutral in intentional and nonintentional task condition) introduced during the social learning phase. The faces were ranmanipulation. If not otherwise stated, the behavioral analyses are based on the pooled sample of 21 subjects, and the imaging results domly presented and interspersed with 39 null event trials (25%) in which a fixation cross was presented for 3000 ms (total number of on the scanned cohort of 11 subjects. trials was 193 events). Faces were presented for 500 ms followed by a fixation cross for another 2500 ms. Subjects were asked to Stimulus Set judge as quickly as possible by pressing one of two buttons with Sixty-seven face stimuli were selected from a larger pool of Caucatheir right hand whether the perceived face was a female or male sian faces (the Karolinska Directed Emotional Faces). Equal numgender. bers of female and male faces were selected, all of them depicting After scanning, subjects were asked to take part in a computerized greyscale frontal images of their faces with frontal gaze direction behavioral assessment involving two separate tasks and to fill out a and neutral facial expression. All stimuli had equal size and were questionnaire at the end. The first task was self-paced and subjects equated for luminance and centered on a black background. rated likeability of all 22 faces (not likeable at all, not likeable, neutral, likeable, very likeable). The second task was a forced choice memExperimental Paradigm ory task in which subjects were asked to remember what the players The experiment was divided into four parts: an instruction phase, have actually done during playing. The question was "Did this person a social learning phase, a retrieval phase, and a behavioral assessmostly cooperate?" and subjects had to choose between "yes," ment phase.
"no," "don't know" or "null" when they remembered the face being In the instruction phase, subjects were told that they would play involved in a null game. The debriefing questionnaire included six interactive computer games via the internet with different people questions and is displayed in Table 1 . The results of questions 2, 3, from different research institutions around Europe. Subjects were and 5 are displayed in Figure 1 . Questions 1 and 4 served exploratory instructed that they would be randomly paired with one of the playpurposes and question 6 was an exclusion criterium of people not ers in the pool for one game and they would be unable to predict with believing in the manipulation. whom they would play before each game. To increase credibility, subjects were then photographed and told that their pictures would be edited to be adapted to the frame of the game and subsequently Image Acquisition and Analysis Images were acquired using a 1.5 Tesla Siemens Sonata MRI scanfed into the computer to allow the other player to see them as well. The rules of the game were then explained in detail, and a ner to acquire gradient-echo, echoplanar T2*-weighted echo-planar images (EPI) with blood oxygenation level-dependent (BOLD) conquestionnaire indicated that subjects understood the rules and principles of the game.
trast. Each volume comprised 35 axial slices of 2 mm thickness with 1 mm slice gap and 3 ϫ 3 mm in-plane resolution. Volumes were The social learning phase included two runs (intentional and nonintentional task condition) consisting of 56 games each, resulting in acquired continuously every 3.15 s. Each run began with 6 "dummy" volumes discarded for analyses. At the end of each scanning sesa total of 112 games. The game was a sequential iterated Prisoner's Dilemma game, in which a first player can trust a second player by sion, a T1-weighted structural image was acquired. The images were analyzed using SPM2 (Wellcome Department sending his/her starting points (transferred to money at the end of the game) to the other player, knowing that each point sent will be of Imaging Neuroscience, London, UK) using an event-related model (Josephs et al., 1997). To correct for motion, functional volumes tripled. The second player then has the opportunity to reciprocate by sending money back, which is also tripled, resulting in equal were realigned to the first volume (Friston et al., 1995a), spatially normalized to a standard template with a resampled voxel size of payoffs for both players. The second player, however, can decide to keep the money and maximize his own earnings at the expense 3 ϫ 3 ϫ 3 mm, and smoothed using a Gaussian kernel with a full width at half maximum (FWHM) of 10 mm. In addition, high pass of the first player. Subjects in the scanner were always the first player and made their investment decision before they knew with temporal filtering with a cut-off of 128 s was applied. After preprocessing, statistical analysis was carried out using the general linear whom they would be paired. During a run, subjects were repeatedly connected with five cooperator faces (players who always recipromodel (Friston et al., 1995b) . The presentation of each face was modeled by convolving a delta function at each event onset with a cated trust), three defector faces (players who always kept their money), and three neutral faces involved in null games. Null games canonical hemodynamic response function (HRF) and its temporal and dispersion derivatives to create regressors of interest. Residual were introduced to allow for a neutral baseline condition controlling for contextual factors associated with the game. Subjects were told effects of head motion were corrected for by including the six estimated motion parameters for each subject as regressors of no interthat due to technical reasons in some games they would take an investment decision, see their game partner as always, but would est. Contrast images were then calculated by applying appropriate linear contrasts to the parameter estimates for the parametric renot receive any response from their partner and in consequence would neither lose nor win any money. Throughout a run, each of gressor of each event. These contrast images were then entered into a one-sample t test across the 11 subjects (random effects analysis). the 11 relevant faces was repeated four times in pseudo-random order. Twelve additional games were added to the sequence to The experiment constituted a 3 ϫ 2 factorial design with the first factor representing social behavioral status (cooperator, defector, compensate for possible noninvestment decisions by the scanned subject. Points were converted into real money at the end of the and neutral faces) and the second factor being task condition (intentional and nonintentional task condition). Statistical parametric experiment. Each point corresponded to one pence and each subject received 20 pounds in total. To ensure equal payments for every maps of the main effects of social behavioral status and task condition as well as the interactions between both factors were inspected. subject, we rounded up payment for the subjects who opted for conservative strategies (i.e., defected frequently).
In addition, linear contrasts between cooperator and defector faces in the intentional versus nonintentional task condition were comSubjects were instructed that they would play two runs of games. In one they would be connected to a platform where all players puted.
We report results in a priori regions of interest (amygdala, OFC, dala-hippocampal involvement in human aversive trace conditioning revealed through event-related functional magnetic resonance imfusiform, STS, striatum, and insula) at p Ͻ 0.001 uncorrected for multiple comparisons with an extent threshold of more than 6 contigaging. J. Neurosci. 19, 10869-10876. uous voxels. In the case of the amygdala, we also indicate if this Castelli, F., Happe, F., Frith, U., and Frith, C. 
